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XYLENE ISOMERIZATION PROCESS 



This invention relates to a xylene isomerization 
process. 

Xylenes are valuable industrial chemicals derived 
primarily from aromatic naphthas such as petroleum 5 
reformates and pyrolysis gasolines. Petroleum refor- 
mates result from processing petroleum naphthas 
over a catalyst such as platinum on alumina at tem- 
peratures which favor dehydrogenation of 
naphthenes. Pyrolysis gasolines are liquid products 10 
resulting from steam cracking of hydrocarbons to 
manufacture ethylene, propylene, and the like. 

Generally, regardless of the aromatic naphtha 
source, it has been the practice to subject the source 
to extraction with a solvent highly selective for aroma- 15 
tics to obtain an aromatic mixture of the benzene and 
alkylated benzenes present in the aromatic naphtha. 
The resulting extract can then be distilled to separate 
benzene, toluene and C 8 aromatics from higher boil- 
ing compounds in the extract Benzene and toluene 20 
are recovered in high purity ; however, the C 8 fraction, 
containing valuable para-xylene, is a mixture of three 
xylene isomers with ethylbenzene. These mixtures 
will also contain Cs-C 9 paraffins, the amount of which 
is determined both by the source of the naphtha as 25 
well as the efficiency of the solvent extraction. 

As commercial use of xylene has increased, there 
has been interest in isomerizing xylene to increase 
the yield of the desired ortho- and para-isomers. Pa- 
ra-xylene is of particular value as it is useful in the 30 
manufacture of terephthalic acid which is an inter- 
mediate in the manufacture of polyesters and synth- 
etic fibers. 

In practice, xylene isomerization is effected in 
conjunction with a xylene separation process. Thus, 35 
a virgin C 8 aromatics mixture is fed to such a com- 
bined process system, along with undesired isomers 
emerging from the product separation steps. The feed 
is charged to the isomerizing unit and the effluent 
isomerizate C 8 aromatics are sent to the product 40 
separation steps. The composition of isomerizer feed 
is then a function of the virgin C 8 aromatic feed, the 
product separation unit performance, and the isom- 
erizer performance. The objective in the isomerization 
reactor is to bring the charge as near to the equilibrium 45 
concentration as may be feasible consistent with 
reaction times which do not give extensive cracking 
and disproportionation. The thermodynamic equilib- 
rium varies slightly with temperature. 

The degree of ethylbenzene conversion in a C 8 so 
aromatic mixture is related to effective contact time. 
Hydrogen partial pressure can have a very significant 
effect on ethylbenzene conversion. Products formed 
from ethylbenzene include C 8 naphthenes, benzene 
from hydrocracking ethylbenzene and Cg+ aromatics 55 
from disproportionation and from transalkyiation with 



xylene, as well as total loss to other than C 8 molecular 
weight components, such as C 6 and lighter hydrocar- 
bon byproducts. 

The various xylene isomers exhibit different rates 
of isomerization and hence, with different feed 
composition situations, the rates of approach to 
equilibrium vary considerably. Loss of xylenes to 
other molecular weight products varies with contact 
time. By-products include toluene, C 9 and heavier 
aromatics and C 5 and lighter hydrocracking products. 

Because of the deleterious effects of ethylben- 
zene build up in the loop manufacture of the xylenes 
and because of the great expense of removing it from 
mixed C 8 aromatics, a process which effects ethyl- 
benzene conversion at a rate approaching that of 
xylene isomerization would be desirable provided 
xylene losses can be maintained at a reasonable 
level. Progress toward such a goal was provided by 
U.S. Patent No. 4,1 63,028 which describes a catalyst 
and its use in an isomerization process conducted at 
427 to 540°C (800 to 1000°F). The catalyst described 
in U.S. Patent No. 4,163,028 comprises a zeolite hav- 
ing a constraint index of 1 to 12 and having a 
silica/alumina ratio of at least 500. An improved catal- 
yst for that aforementioned goal was later described 
in U.S. Patent No. 4,312,790. 

However, even the use of the catalysts of U.S. 
Patent Nos. 4,163,028 and 4,312,790 can result in 
undesirably high xylene losses, especially when 
xylene isomerization feeds containing greater than 
15% ethylbenzene are processed under conditions 
which give greater than about 50% conversion of 
ethylbenzene per pass. 

An object of the present invention is therefore to 
provide a process for selectively isomerizing xylenes 
while converting ethylbenzene to other products with 
little loss of xylenes via transalkyiation. 

Accordingly, the invention resides in a process for 
isomerizing a feed containing an aromatic C 8 mixture, 
which comprises xylene and from 0 to 50 percent 
ethylbenzene and in which the para-xylene is less 
than that at thermodynamic equilibrium, which pro- 
cess comprises contacting the feed with a catalyst 
system comprising component (A) and component (B) 
wherein : 

component (A) comprises at least one zeolite and 
0 to 10 weight percent of a hydrogenation metal, 
wherein said at least one zeolite produces less 
than 80 weight% equilibrium isomerization of pa- 
ra-xylene when tested under test conditions 
including a temperature of 370 to 480°C (700 to 
900°F), a pressure of 100 to 4050 kPa (1 to 40 
atmospheres), H 2 to hydrocarbon of 1 to 4, and a 
WHSV sufficient to produce 10 weight% ethyl- 
benzene conversion with a feed of 14 weight% 
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ethylbenzene, 10 weight% p-xylene, 53 weight% 
m-xylene and 23 weight% o-xylene ; 
component (B) comprises a further zeolite, diffe- 
rent from the zeol ite of component (A) and 0 to 1 0 
weight percent of a hydroge nation metal, wherein 
said further zeolite produces greater than 80 
weight% equilibrium isomerization of para-xylene 
when tested under said test conditions ; and 
the weight ratio of the zeolite of component (A) to 
the zeolite of component (B) ranges from 20/80 to 
98/2; 

said contacting being undertaken at a tempera- 
ture of 200 to 600°C (400 to 1100°F), a pressure 
of 100 to 10450 kPa (0 to 1500 psig), a WHSV of 
0.5 to 100 and a H 2 /HC molar ratio of 0 to 10. 
The catalyst system used in accordance with the 
invention has at least two components. One of the 
catalyst components (Component B) includes a zeol- 
ite which has a Constraint Index of 1-12 (described in 
US Patent No. 4016218) and which is highly selective 
and active for isomerization of the xylene components 
to thermodynamic equilibrium. The other component 
(Component A) of the catalyst system incudes a zeol- 
ite, different from the zeolite of Component (B), which 
also has a Constraint Index of 1-12 and which is highly 
selective for the conversion of ethylbenzene via deal- 
kylation and disproportionation. The weight ratio of 
the catalyst component (A) to that of the catalyst com- 
ponent (B) ranges from 20 : 80 to 98 : 2. 

More specifically, the zeolite of component (A) is 
characterized as producing less than 80 weight% of 
the equilibrium p-xylene concentration when tested 
under conditions including a temperature of 370 to 
480°C (700 to 900°F), a pressure of 100 to 4050 kPa 
(1 to 40 atmospheres), H 2 to hydrocarbon ratio of 1 to 
4 and a WHSV sufficient to give 10% ethylbenzene 
conversion with a feed consisting of 14 weight percent 
ethylbenzene, 10 weight percent p-xylene, 53 weight 
percent m-xylene and 23 weight percent of o-xylene. 
Under the same test conditions when the zeolite B 
converts 10% of the ethylbenzene of the feed, it will 
produce greater than 80% of equilibrium p-xylene. 

Each of the zeolites of the two components of the 
catalyst system will exhibit mutually exclusive xylene 
diffusional properties. Those properties can be iden- 
tified by noting the time (in minutes) required to sorb 
30% of the equilibrium capacity of ortho xylene at 
120°C and at an o-xylene partial pressure of 4.5 ± 0.8 
mm of mercury, a test described by Olson et al in U.S. 
Patent Nos. 4,117,026, 4,159,282 and Re. 31,782. 
Herein, that equilibrium capacity of ortho-xylene is 
defined as greater than 1 gram of xylene(s) per 100 
grams of zeolite. The zeolite of component A prefer- 
ably exhibits an o-xylene absorption time of greater 
than 50 and more preferably greater than 1 00 minutes 
while the zeolite of component (B) preferably exhibits 
an o-xylene sorption time of less than 50 minutes and 
more preferably less than 10 minutes. 
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Most preferably, the zeolite of component A is 
selected from ZSM-22, ZSM-23, ZSM-35 and ZSM- 
48, while the zeolite of component (B) is ZSM-5 or 
ZSM-1 1 . ZSM-5 is described in detail in U.S. Pat. Nos. 

5 3,702,886 and Re. 29,948. ZSM-1 1 is described in 
U.S. Pat. No. 3,709,979. ZSM-22 is described in U.S. 
Pat. Nos. 4,481,177 and 4,556,477. ZSM-23 is des- 
cribed in U.S. Pat. No. 4,076,842. ZSM-35 is des- 
cribed in U.S. Pat. No. 4,016,245. ZSM-48 is 

10 described in European Patent No. 15132. 

The zeolite of each of the catalyst components 
(A) and (B) can be associated with a hydrogen ation- 
dehydrogenation component such as nickel, pal- 
ladium or platinum. The 

15 hydrogenation-dehydrogenation component is pref- 
erably a noble metal such as platinum, palladium, or 
another member of the platinum group such as 
rhodium, with platinum most preferred. Combinations 
of noble metals such as platinum-rhenium, platinum- 

20 palladium, platinum-indium or platinum-iridium-rhe- 
nium together with combinations with non-noble 
metals, particularly of Groups VIA and VIIIA are of 
interest, particularly with metals such as cobalt, 
nickel, vanadium, tungsten, titanium and molyb- 

25 denum, for example, platinum-tungsten, platinum- 
nickel or platinum-nickel-tungsten. 

The foregoing metals may be incorporated into 
the catalyst by any suitable method such as impreg- 
nation or exchange onto the zeolite. The metal may be 

30 incorporated in the form of a cationic, anionic or neut- 
ral complex such as Pt(NH 3 ) 4 *■ and cationic com- 
plexes of this type will be found convenient for 
exchanging metals onto the zeolite. Anionic com- 
plexes such as the vanadate or metatungstate ions 

35 are useful for impregnating these metals into the zeol- 
ites. 

The amount of the hydrogenation-dehydroge- 
nation component is suitably from 0.01 to 10 percent 
by weight, normally 0.1 to 5 percent by weight, 

40 although this will, of course, vary with the nature of the 
component, less of the highly active noble metals, 
particularly platinum, being required than of the less 
active base metals. 

In practicing the process of the invention, it may 

45 be desirable to formulate each component of the 
catalyst system with another material resistant to the 
temperature and other conditions of the process. 
Such matrix materials include synthetic or naturally 
occurring substances as well as inorganic materials 

50 such as clay, silica and/or metal oxides. The latter 
may be either naturally occurring or In the form of 
gelatinous precipitates or gels including mixtures of 
silica and metal oxides. Naturally occurring clays, 
which can be composited with the zeolite include 

55 those of the montmorlllonite and kaolin families, which 
families includes the sub-bentonites and the kaolins 
commonly known as Dixie, McNamee : Georgia and 
Florida clays or others in which the main mineral con- 

3 
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stituent is halloysite, kaolinlte, dickite, nacrite or 
anauxite. Such clays can be used in a raw state as 
originally mined or initially subjected to calcination 
acid treatment or chemical modification. 

In addition to the foregoing materials, the zeolites s 
employed herein may be composited with a porous 
matrix materia!, such as alumina, silica-alumina, sili- 
ca-magnesia, silicazirconia, silica-thoria, silica-bery- 
lia, silica-titania as well as ternary compositions, such 
as silica-alumina-thoria, silicaalumina-zirconia, silica- w 
alumina-magnesia and silica-magnesiazirconia. The 
matrix may be in the form of a cogel. The relative pro- 
portions of zeolite component and inorganic oxide gel 
matrix may vary widely with the zeolite content rang- 
ing from between 1 to 99 percent by weight and more is 
usually in the range of 5 to 80 percent by weight of the 
composite. 

Xylene isomerization feeds, processed in accord- 
ance with the invention, are any aromatic C 8 mixture 
containing ethylbenzene and xylene(s). Generally, 20 
such a mixture will have an ethylbenzene content in 
the range of 0 to 50 weight percent, an ortho-xylene 
content in the range of 0 to 35 weight percent, a me- 
ta-xylene content in the range of 20 to 95 weight per- 
cent, and a para-xylene content in the range of 0 to 1 5 25 
weight percent The feed in addition to the above 
aromatic C 8 mixture can contain non-aromatic hyd- 
rocarbons, such as paraffins and naphthenes. The 
paraffins will comprise 0 to 20 weight percent of the 
feed ; generally, the paraffins will comprise Ca-Cg 30 
paraffins. 

In accordance with the invention such a feed is 
contacted with a catalyst system under conversion 
conditions including a temperature of 200 to 600°C 
(400-1 100°F), a pressure of 100 to 10450 kPa (0- 35 
1500 psig), a WHSVof 0.5 to 100 ; and a H 2 /HC (feed) 
molar ratio of 0 to 10. Preferably, those conditions 
include a temperature of 260 to 510°C (500 to 950°F), 
a pressure of 270 to 2860 kPa (25 to 400 psig), a 
WHSV of 3 to 50 and H 2 /HC molar ratio of 0.5 to 5. The 40 
conversion process may be carried out as a batch 
type, semi-continuous or continuous operation. 

In general, the xylene isomerization reaction is 
carried out in a fixed bed flow reactor containing the 
catalyst system described above. The two component 45 
catalyst system may be used as a mixture. Such a 
mixture can be a physical mixture of two preformed 
zeolites ; alternatively, the zeolite mixture can result 
as the product of cocrystallization of a zeolite synth- 
esis reaction mixture. In another embodiment the two so 
components of the catalyst system are in sequential 
beds. That is, the component (A) of the catalyst sys- 
tem most selective for converting ethylbenzene forms 
one part of the bed, while the other compoent (B) of 
the catalyst system which is most effective to isom- 55 
erize the xylene components forms the remaining por- 
tion of the catalyst bed. Thus, the conversion process 
of the invention could be carried out in two different 



reactors, that are either at the same or different tem- 
peratures. However, preferably, the feed is cascaded 
over the two catalysts disposed sequentially in a 
single reactor. In cascading, the feed is contacted 
with the two components of the catalyst system with- 
out intervening separation of light gases. 

It is preferred that, the component (A) of the catal- 
yst system effective to deethylate and disproportion- 
ate ethylbenzene is upstream with respect to the 
catalyst component (B) which is effective to isomerize 
the xylene components of the C 8 aromatic feed. 

After the conversion process the isomerization 
product can be treated to isolate para-xylene. Thus, 
the isomerizate product can be fed to a crystallizer to 
crystallize para-xylene and thus the para-xylene can 
be isolated. The residual isomerizate can then be 
stripped of products lighter than C 8 . Products heavier 
than C 8 in the residual isomerizate can be further pro- 
cessed. Cs fractions from which para-xylene has been 
removed can be recycled to the isomerizer. 

One result of the process of the invention is to 
convert the mixed xylene components of the feed con- 
taining p-xylene in an amount less than that at ther- 
modynamic equilibrium to an extent such that product 
effluent from the isomerizer contains p-xylene in an 
amount at least approaching that of p-xylene in the 
xylene mixture produced at thermodynamic equilib- 
rium. Moreover, xylene yields are at least comparable 
and most often greater than those of prior isomeri- 
zation processes. 

EXAMPLES 

The following examples illustrate xylene isomeri- 
zation of the invention. The xylene isomerization was 
conducted at 1480 kPa (200 psig), H 2 /HC = 2 and at 
396°C except for the pure HZSM-5 which was tested 
at 360°C. The space velocity was varied to provide a 
range of conversion levels. From the resulting data, 
xylene loss [percent xylenes lost with respect to 
xylenes in the feed] and PE(p-xylene) [para xylene 
percent of thermodynamic equilibrium with respect to 
the xylenes in the product] values were obtained by 
interpolation. The feed consisted of 13.9% ethylben- 
zene, 10.4% p-xylene, 52.9% m-xylene and 22.6% o- 
xylene. 

Example 1 

The xylene isomerization properties of a H2SM- 
22 catalyst (SiCVA^Og = 70, crystal size about 1.5 
microns) was tested as described above. At 30% 
ethylbenzene conversion the xylene loss was 0.88% 
and PE(p-xylene) was 77%. This catalyst shows 
exceptionally low xylene loss but has low xylene isonv 
erizaion activity as the p-xylene is 23% from equilib- 
rium. 
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Example 2 

The xylene isomerization properties of a HZSM-5 
(Si0 2 /Al 2 0 3 = 70, crystal size about 0.2 microns) 
catalyst was tested as described above. At 30% ethyl- 
benzene conversion the xylene loss was 2.82% and 
PE(p-xyiene) was 102%. This catalyst shows normal 
xylene loss and very good xylene isomerization 
activity. 

Example 3 

The xylene isomerization properties of a catalyst 
comprising a physical mixture of 90 weight percent of 
the catalyst of Example 1 and 10 weight percent of the 
catalyst of Example 2 was tested as described above. 
At 30% ethylbenzene conversion the xylene loss was 
1 .26% and PE(p-xylene) was 95%. This catalyst has 
very low xylene loss and good xylene isomerization 
properties. 

The combination of catalyst components A and B, 
as employed in Example 3 provides a synergistic 
combination of the best features of the individual com- 
ponents. This is also shown in Example 4 where a co- 
crystallized mixture of the two components, ZSM-5 
and ZSM-22, is used and yields equilibrium xylenes 
with reduced xylene loss. 

Example 4 

The xylene isomerization properties of a catalyst 
comprising a co-crystallized mixture containing 93 
weight percent HZSM-22 and 7 weight percent 
HZSM-5 (for the composite, Si02/Al 2 0 3 = 71, crystal 
size to about 0.05 microns) was tested as described 
above. At 30% ethylbenzene conversion the xylene 
loss was 2.05% and PE(p-xylene) was 100%. This 
catalyst shows low xylene loss and good xylene isom- 
erization properties. 

Example 5 illustrates the use of a test reaction to 
characterize and define the useful catalyst compo- 
nent A (e.g. ZSM-22). 

Example 5 

Example 1 was repeated using several different 
space velocities to give various ethylbenzene conver- 
sions. At 10% ethylbenzene conversion, the para-xy- 
lene content of the xylene fraction in the effluent was 
51% of its thermodynamic equilibrium value of 24%. 

It is seen that under the test conditions specified 
in the application, the isomerization of para-xylene 
amounts to less than 80% of equilibrium at 1 0% ethyl- 
benzene conversion. Under the same conditions, the 
ZSM-5 suitable for this invention as catalyst compo- 
nent B produces xylenes in an amount greater than 
80% of equilibrium. 



Claims 

1. A process for isomerizing a feed containing an 
aromatic C e mixture, which comprises xylene and 

5 from 0 to 50 percent ethylbenzene and in which 

the para-xylene concentration is less than that at 
thermodynamic equilibrium, which process corn- 
prises contacting the feed with a catalyst system 
comprising component (A) and component (B) 

10 wherein : 

component (A) comprises at least one zeolite 
and 0 to 1 0 weight percent of a hydrogenation 
metal, wherein said at least one zeolite pro- 
duces less than 80 weight% equilibrium isom- 

15 erization of para-xylene when tested under 

test conditions including a temperature of 370 
to 480°C (700 to 900°F), a pressure of 100 to 
4050 kPa (1 to 40 atmospheres), H 2 to hyd- 
rocarbon of 1 to 4, and a WHSV sufficient to 

20 produce 10 weight% ethylbenzene conver- 

sion with a feed of 14 weight% ethylbenzene, 
10 weight% p-xylene, 53 weight% m-xylene 
and 23 weight% o-xylene ; 
component (B) comprises a further zeolite, dif- 

25 ferent from the zeolite of component (A) and 

0 to 10 weight percent of a hydrogenation 
metal, wherein said further zeolite produces 
greater than 80 weight% equilibrium isomeri- 
zation of para-xylene when tested under said 

30 test conditions ; and 

the weight ratio of the zeolite of component (A) 
to the zeolite of component (B) ranges from 
20/80 to 98/2 ; 

said contacting being undertaken at a tem- 
35 perature of 200 to 600°C (400 to 1 100°F). a 

pressure of 100 to 10450 kPa (0 to 1500 psig), 
a WHSV of 0.5 to 1 00 and a H 2 /HC molar ratio 
of Oto 10. 

40 2. The process of Claim 1, wherein the zeolite of 
each of components (A) and (B) has a Constaint 
Index of 1-12. 

3. The process of Claim 1 or Claim 2, wherein the 
45 zeolite of component (A) is characterized by a 

xylene sorption capacity greater than 1 gram/100 
grams of zeolite and an ortho-xylene sorption 
time for 30 percent of said capacity greater than 
50 minutes, and the zeolite of component (B) is 

so characterized by a xylene sorption capacity gre- 

ater than 1 gram/100 grams of zeolite and an or- 
tho-xylene sorption time for 30 percent of said 
capacity of less than 10 minutes, wherein the 
sorption capacity and sorption times are 

55 measured at 120°C and a xylene pressure of 4.5 

± 0.8 mm of mercury. 

4. The process of any preceding Claim, wherein the 
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zeolite of component (A) is ZSM-22, ZSM-23. 
2SM-35 or ZSM-48 and the zeolite of component 
(B)isZSM-5orZSM-11. 

5. The process of any preceding Claim, wherein 5 
said feed is contacted with component (A) before 

it is contacted with component (B) of the catalyst 
system. 

6. The process of Claim 5, wherein component (A) 10 
and component (B) are in separate reactors. 

7. The process of Claim 5, wherein the component 
(A) and component (B) are in sequential beds in 

a fixed bed catalyst system. 15 

8. The process of any preceding Claim, wherein 
said weight ratio is at least 50 : 50. 



9. The process of any preceding Claim, wherein the 20 
H2/HC molar ratio is from 0.5 to 10. 



1 0. The process of any preceding Claim, wherein the 
amount of metal in one or both of components (A) 
and (B) is from 0.01 to 2 weight percent 25 
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